We investigate the properties of dibaryons containing u and d quarks in the constituent quark model. In constructing the ground state wave function, we choose the spatial part to be fully symmetric and the remaining color, isospin and spin part to be antisymmetric so as to satisfy the the Pauli principle. By adapting the IS coupling scheme that combine the isospin basis function with the spin basis function, and subsequently coupling this to the color singlet basis function, we construct the color ⊗ isospin ⊗ spin states compatible with the physical states of the dibaryon. By using the variational method, we then calculate the mass of the dibaryon in a nonrelativistic potential model, involving Coulomb, color confinement and color-spin hyperfine interaction. In particular, to asses the stability for different types of the confinement potential, we introduce one that is linearly proportional to the interquark distance and another to its square root. For all cases considered, we find that there are no compact bound states against the strong decay.
I. INTRODUCTION
The recent obervation of d * (2380) with quantum number I(J P )=0(3 + ) mesasured by the WASA detector at COSY [1] [2] [3] [4] [5] [6] revived interests in the study of multiquark hadrons, and led to the renwed investigation of the possible existence of either ∆∆ or six-quark state. Theoretically, starting from the work of Jaffe [7] , there were already many studies on the stability of a six-quark system. In particular, in relation to d * (2380), a study of nonstrange diybaryon was made in Ref. [8] , and a work in Ref. [9] was based on one gluon-exchange interaction. Initially, using the Bag model with strange quark, Jaffe [7] predicted that the H-dibaryon with J P =0 + and I=0 consisiting of uuddss could be stable against decay into two Λ baryons, when only the color-spin hyperfine interaction was taken into account. Using a similar quark model, Silvetre-Brac and Leandri [10] classified all dibaryon states within the SU (3) F representation, and investigated the stability of these states against the decay into the allowed two baryon decay: Through this study, they found that the ΩΩ dibaryon is most likely bound, and H-dibaryon could be stable.
Additional models were used to study the stability of the H-dibaryon; these include lattice gauge [11] , bag model [12] , Skyrme model [13] , and potential model [14] . In Ref. [15] , using the Goldstone boson exchange interaction, the authors predicted that H-dibaryon could not exist. While experimental searches for H dibaryon seems to suggest that it is not stable against strong decay for realistic quark masses, recent lattice gauge theory calculations suggest that it does become bound when the quark mass increases [16, 17] .
In addition to the study of H-dibaryon, the dibaryon with strangeness -1 or -3 has been proposed by Maltman [18] and Goldman [19] , respectively. Pepin and Stancu [20] investigated the stability of uuddsQ (Q=c or b ) type of quark configuration with a chiral constituent quark model, and found the dibaryon to be unstable against strong decay. The stability of a multiquark system is known to increase when heavier quarks are included in the tetraquark configuration (qqbb) [21] [22] [23] [24] . Although the mechanism for stability is different, dibaryons with heavy quarks, such as q 4 Q 2 (Q=c or b), have been studied within the simple chromomagnetic model [25] .
In this paper, we investigate all dibaryon states containing the u and d quarks, and calculate their masses in the frame work of nonrelativistic quark model by using the variational method, with a potential that includes the color spin hyperfine potential introduced in Ref. [26] . In order to examine the stability of the dibaryon for strong decay, we first fit the parameters of the model to reproduce the masses of the baryon multiplet. Then, by comparing the dibaryon masses to the relevant two baryons threshold, we determine whether the dibaryon is bound against strong decay.
The confinement part in our model originates from the effect of one gluon exchange interaction λ c i λ c j . But in principle the Hamiltonian in the SU(3) symmetric quark model can also have a term proportional to the SU(3) invariant operators in the cubic form which could originate from an intrinsic three-body color confinement interaction. There are two independent three-body color invariant operators; one that can be expressed in terms of two different types of Casimir operator of SU(3), the other that can not. Since we expect that adding a threebody color invariant operators is very important for the stability of a dibaryon with different flavors, it is necessary to introduce a formula for the operators in terms of the element of the permutation group S 6 , based on the established-formula by Stancu [27] and Dmitrasinovic [28] . Using these formula, we calculate the matrix element of the operators with respect to the color singlet basis function in six quarks system, and explore the role of the operators to baryon and dibaryon masses. This paper is organized as followings. We introduce the Hamiltonian and fit the baryon spectrum in section II. We construct the spatial function in a simple Gaussian form in section III. We present all of the physical states and construct the color ⊗ flavour ⊗ states of dibaryon in section IV. We show the numerical results obtained from the variational method, and deal with the threebody color operators in section V. Finally, we give the summary in Section VI.
II. HAMILTONIAN
For the nonrelativistic Hamiltonian, we take the confinement and hyperfine potential for the color and spin degree of freedom given by
where m i 's are the quark masses, and λ c i /2 are the color operator of the i'th quark for the color SU(3), and V
C ij
and V
SS ij
are the confinement and hyperfine potential, respectively. For the confinement potential, we adopt the following two different types :
• Type 1 ;
In the following analysis, we take the units for κ, a 0 , and D to be MeVfm, (MeV) −1 fm, and MeV, respectively.
• Type 2 ;
Here, the units of a 0 is taken to be (MeV)
The hyperfine term which effectively splits the multiplets of baryon with respect to spin is given by,
where the unit of κ ′ is taken to be MeVfm. Here, r ij is the distance between interquarks, | r i − r j |, and (r 0ij ) are chosen to depend on the masses of interquarks, given by,
where the unit of α is (fm) −1 , and the unit of β, (MeVfm) −1 . We choose to keep the isospin symmetry by requiring that m u =m d (MeV). In the Hamiltonian, the parameters have been chosen so that the fitted mass of both baryon octet and decuplet are comparable with those of experiments. In constructing the basis function of a baryon, we restrict the flavor symmetry to isospin part only, so that we consider only the u, d quarks as identical quarks, and find the total wave function of baryon, according to Pauli principle. When we calculate the expectation value of the potential terms for baryon with certain symmetry, it is convenient to introduce the following three Jacobian coordinates so as to reduce our problem to the two bodysystem in the center of mass frame :
• Coordinate I ;
• Coordinate II ;
• Coordinate III ;
By using simple Gaussian function, we construct the following fully symmetric spatial function for baryons composed of u and d constituent only :
where a and b are variational parameters. Since the total wave function of baryon, such as N and P (I=1/2, S=1/2) or ∆ (I=3/2, S=3/2) is fully antisymmetric due to the Pauli principle, the rest of the total wave function must be fully antisymmetric, if we choose the spatial function to be fully symmetric.
Concerning the color basis function of the baryon, we consider the color singlet state as the hadrons are observed to be colorless. The baryon has only one color singlet state, coming from the irreducible representation of [3] 
which is fully antisymmetric under the exchange of any two particles among 1, 2, and 3. We note that the Young tableau follows the rule of the standard YoungYamanouchi representation, which will be shown later in detail.
For the spin basis functions, the baryon can have S=1/2 consisting of two different types, and S=3/2 containing one type as follows :
The variational method for calculating the mass of dibaryon turns out to be easy when the Gaussian form with respect to the Jacobian coordinates are used for the spatial wave function. Using the Jacobian coordinates given in Eq. (13) in the Gaussian wave function, we find the form to be symmetric under the exchange of any two particles among 3, 4, 5, 6, and at the same time symmetric under the exchange of two particles between 1 and 2; these symmetry properties are denoted as [3456] [12] . Introducing the variational parameters a, b, c, the spatial function is then given by We find that the set of Jacobian coordinates necessary to obtain the fully symmetric wave function under the exchange of any two particles among 1, 2, 3, 4, 5, and 6, and consequently the corresponding Gaussian functions, are the ones with the following symmetry; [ Combining these Gaussian functions with the symmetry into a linear form, we obtain the spatial function with three variational parameters a, b, c which is fully symmetric as follows
It is easy to check the symmetry of the spatial function with respect to all of the permutation of S 6 , by considering only the 5 permutations (12), (23) In this section, we investigate the state of the dibaryon consisting of identical u, d quarks, whose flavor part is characterized by isospin symmetry. Since the color ⊗ isospin ⊗ spin state of each quark can be represented by [3] 
S , the direct product of six quarks enable us to classify all of the states of dibaryon with respect to the state of isospin and spin, denoted by |I, S . In our notation, the [3] C indicate the fundamental representation of SU (3) C , [2] I the fundamental representation of SU (2) I , and [2] S the fundamental representation of SU (2) S . In our case where we choose the spatial function of dibaryon to be fully symmetric, the color ⊗ isospin ⊗ spin state of the dibaryon will be chosen to be fully antisymmetric. The fully antisymmetric state of the color ⊗ isospin ⊗ spin state can be easily obtained from the classifying of the multiplets of the direct six product of [12] CIS , which is the fundamental representation of SU (12) CIS , and gives the multiplet with dimension 924 represented by Young tableau [1 6 ]. Using the original representation of [3] C ⊗ [4] IS , which we will equivalently represent as ( [3] C , [4] IS ), the totally antisymmetric multiplet of [1 6 ] CIS can be decomposed as
By using the Young tableau, we can easily find that the multiplets in the right hand side of Eq. (18) is fully antisymmetric. According to the permutation group theory, for a given Young tableau, the fully antisymmetric function can be constructed by multiplying the Young tableau by its conjugate of the Young tableau, where the conjugate representation of a given Young tableau can be obtained by exchanging the row and column in the Young tableau :
Because the dibaryon is supposed to be a physically observable color singlet state, the dibaryon belongs to the five independent color singlet states represented by the Young tableau of [2, 2, 2] 
These |I, S states are all the possible states of dibaryon with isospin symmetry which satisfy the antisymmetry property and the color singlet requirement as an observable. As we see in the Eq. (19) , the isospin and spin of the dibaryon with isospin symmetry has I=0(S=0), I=1(S=1), I=2(S=2), and I=3(S=3), coming from the classification of SU(2) of the dibaryon, given by,
where F indicates the number of times the corresponding state (I) appears in the product. Moreover, the subscript of F represents the Young tableau for the state (I), F [3, 3] =5, F [4, 2] =9, F [5, 1] =5, and F [6] =1. Consequently, there are 6 different kind of |I, S states of the dibaryon which dictates the possible two baryon decay mode in strong force. In order to investigate the stability of the dibaryon against a strong decay, we will examine energies in relation to the threshold for the decay mode. 
It is very important to understand the property of basis functions of the dibaryon in calculating the expectation values of both the confinement and hyperfine potential, proportional to either λ So we will now establish the basis functions of the color, isospin, and spin based on the Young tableau, which are very useful for constructing completely antisymmetric states. Then, the expectation values can be easily calculated by using the complete antisymmetry properties.
B. Color basis functions
The dibaryon of our interest with isospin symmetry has color singlet function represented by the Young tableau of [2,2,2], as we mentioned earlier. Since the dimension of the Young tableau of [2,2,2] is five, there are five color singlet functions corresponding to the Young tableau of [2, 2, 2] . We define the color singlet functions as the followings :
We note that the color singlet functions followed by the standard Young-Yamanouchi representation is symmetric with respect to any adjacent particles that lie in the same row, and is antisymmetric with respect to any particles that lie in the same column. Here, 15 is the number of ways of pairing between particle i and particle j (i < j, i, j =1, 2, 3, 4, 5, and 6 ).
C. Flavor basis functions
Since the flavor of the dibaryon is in the irreducible representation of SU (2), we consider the flavor basis functions in terms of the isospin representation that is allowed to the dibaryon. As in the case of color basis functions, the isospin part can be obtained using similar techniques based on Young tableau. Moreover, it is convenient to establish the orthogonal basis functions with a certain symmetry, making use of the standard Young-Yamanouchi bases. For the dibaryon, as mentioned above, the representation of isospin has I=0, whose Young tableau is [3, 3] with dimension of 5, and I=1, whose Young tableau is [4, 2] with dimension of 9, and I=2, whose Young tableau is [5, 1] with dimension of 5, and I=3, whose Young tableau is [6] with dimension of 1 :
• I=0 : 5 basis functions with Young tableau [3, 3] We can also see the orthogonality of the isospin states, I l i |I l j = δ ij in a given irreducible representation of isospin from the orthogonality of the standard YoungYamanouchi bases as well as the orthogonality between any two different irreducible representations, according to the group theory.
D. Spin basis functions
For the spin states of the dibaryon, the representation of spin states of dibaryon is the same as that of the isosopin states because the irreducible representation of SU (2) should also be applied in this case :
• S=0 : 5 basis functions with Young tableau [3, 3] We are now in a position to construct the completely antisymmetric function of the color ⊗ isospin ⊗ spin state of dibaryon, which we will denote by |C i , I j , S k . In particular, we choose the |I, S basis function to be in the [3, 3] representation, and in the conjugate of the color singlet [2, 2, 2] , so that the color singlet ⊗ isospin ⊗ spins becomes fully antisymmetric. With this IS coupling scheme, we can find the fully antisymmetric function of |C, I, S for all of (I,S), by using the ClebschGordan (CG) coefficient for making the representation of [3, 3] of isospin ⊗ spin function. In calculating the Clebsch-Gordan coefficients of the element of the permutation group, S 6 , it is convenient to use the factorization property that factorizes the CG coefficients of S n into an isoscalar factor, which is called K matrix, and a CG coefficients of S n−1 . For example, the isoscalar factor can be defined by [29] ,
where S in the left-hand (right-hand) side is a CG coefficients of S n (S n−1 ). In this notation, [f p ] is the Young tableau associated to S n−1 which can be obtained from [f ], the Young tableau of S n , by removing the n-th particle characterized by pqy; where p is the position of the n-th particle in the row, q, the position of the (n-1)-th particle in the row, y, the position of the (n-2)-th particle in the row, respectively. In our case, by repeating the process of factorizing the CG coefficients of S 6 further, we find the CG coefficients from the following formula,
where S in the third row is the CG coefficient of S 3 . When we calculate the CG coefficients, we use the relevant isoscalar factors for S 4 , S 5 , and S 6 in Eq. (23) which is obtained by Stancu and Pepin [30] . In the case of (I,S)=(0,1), the |[I 0 , S 1 ] basis functions belonging to the Young tableau of [3, 3] are presented as the followings : 
Coupling the isospin ⊗ spin basis function obtained from the IS scheme to the color singlet basis function, we find the color ⊗ isospin ⊗ spin state satisfying the fully antisymmetry property for (I,S)=(0,1). This is given by
In the case of (I,S)=(1,0), the |[I 1 , S 0 ] basis functions belonging to the Young tableau of [3, 3] are presented as the followings : 
Likewise, we find the color ⊗ isospin ⊗ spin state satisfying the fully antisymmetry property for (I,S)=(1,0) to be given by
In the case of (I,S)=(1,2), the |[I 1 , S 2 ] basis functions belonging to the Young tableau of [3, 3] are presented as the followings : 
We find the color ⊗ isospin ⊗ spin state satisfying the fully antisymmetry property for (I,S)=(1,2) to be given by,
In the case of (I,S)=(2,1), the |[I 2 , S 1 ] basis functions belonging to the Young tableau of [3, 3] 
We find the color ⊗ isospin ⊗ spin state satisfying the fully antisymmetry property for (I,S)=(2,1) to be given by,
For the case of (I,S)=(3,0) and (I,S)=(0,3), we find straightforwardly the fully antisymmetric color ⊗ isospin ⊗ spin state, written by, respectively,
In dealing with the expectation value of −λ c i λ c j σ i · σ j with respect to |C, I, S state for all of (I,S), the symmetry property of the state make this calculation simple in that − 50) where N is the total number of quarks in this system, and
, that is, the first kind of Casimir operator of SU(3) in the system of N quarks. Since we must consider only the color singlet as a physical observable, the term C c vanishes. For practical purposes, our the calculation of −λ c 1 λ c 2 σ 1 · σ 2 can be easily performed with the symmetry of between particles 1 and 2 in the |C, I, S state, whose the property of the symmetry is definitely derived from the Young tableau. Then we find the following formula: In this section, we analyze the numerical results obtained from the variational method, by using the completely symmetric spatial function as the trial function. Table V shows the result of the analysis with the trial spacial wave function given in Eq. (13) after adding 14 additional forms as discussed before. Among all the dibaryons with (I,S), it is the dibaryon with (I=0,S=3) that is most likely to be stable against the strong decay. However, as we see in the Table V Table. IV, shows the splitting is minimal in the (I=0,S=3) channel, the lowest mass of the dibaryon for both types of the potential considered is far above the threshold of two ∆ baryons. Table V shows that the dibaryon mass is larger for type 1 potential compared to that for type 2. This is because the size of the dibaryon in the former is smaller than that in the latter, as determined by the inverse of the variational parameters a, b, c. To better understand this point, we show the values of each energy term of the dibaryon with (I=0,S=3) in Table VI . Since the size of the dibaryon in both types of potentials are larger than that of a single baryon, the value of the kinetic part of the dibaryon is comparatively larger than the sum of that of the two ∆ baryons. Moreover, the value of kinetic part of dibaryon in type 2 is a little larger compared to that in type 1 due to its relatively small increase in size.
In addition to the kinetic term, the effect of 1/2-power confinement part of the type 2 potential causes the mass of the dibaryon to decrease compared to the case of type 1. Nevertheless, the lowest mass in type 2 is still about 155 MeV above the threshold of two ∆ baryons, and no other choice for the confinement potential, such as 1/3-power, is expected to change the stability of the dibaryon.
In investigating the stability in the present work, we can consider three-body color confinement operators which are mentioned in the introduction, as this approach may change the stability of multiquark configurations, such as that of the dibaryon. The two types of operators can be expressed in terms of the permutation operators given by
where I is the identity operator, and (ijk) and (ij) are operators belonging to the permutation group of S 6 , which is called 3-cycles, and 2-cycles, respectively, and
k , which can be conveniently shown to be invariant under the SU(3) algebra, given by [27] ,
where C (2) is the first kind of Casimir operator, and C (2) , the second kind of Casimir operator of SU(3). Since baryon consists of three quarks, the SU(3) invariant operators are written by,
For baryon which has one color singlet represented by the standard Young-Yamanouchi basis of Young tableau [1,1,1], we use the irreducible representation with one dimension given by
where (−1) σ is 1 if σ is an even permutation, and -1 if σ is an odd permutation. By using this formula, we can easily calculate the action of the operators on the color singlet of baryon, |C =
As we can see, while the introduction of d abc F 
Then, we can find the expectation value of the three-body confinement operators,
i , S j for (I=i,S=j), reminding that
one finds the followings:
Due to the complete symmetry of | C, I i , S j under any permutation of S 6 , one finds that
i , S j for any l, m, n (l<m<n=1∼6). Similar relation holds for C, I
i ,
As far as the color factors are concerned, one finds that the contribution of the d-type three body interaction contributing to the dibaryon as given by C If we attempt to add the d-type three-body confinement potential, the result will depend on the detailed functional form multiplying the SU(3) invariant operators. For the simplest choice, we can chose it to be the sum of two body potential such as (
( r 12 /a 0 +r 13 /a 0 + r 23 /a 0 ) ). However, for such a simplified form, the result will only be a re-parametrization of the parameters of the model and there will be no change in the stability of the dibaryon. On the other hand, a intrinsic three body force will change the situation and on that grounds, it is of great importance to have some ideas on the understanding of the two-body and threebody confinement.
In order for the total wave function to be fully antisymmetric in six quarks system with only u, d quarks, we first consider the spatial function that is fully symmetric, and find 15 Jacobian coordinates appropriate for the symmetry, and then, construct the spatial function desirable for this scheme with Gaussian spatial function to perform variational method in nonrelativitic Hamiltonian. Secondly, we classify the physical states with respect to isospin (I) and spin (S), and find the color singlet basis functions, isospin basis functions, and spin basis functions allowed to the six quarks system, and construct the color ⊗ isospin ⊗ spin states that should be completely antisymmetric, by means of IS scheme that couples the color basis function to IS basis function. We find that there does not exist a compact dibayron system in all system that is stable against the decay into two bayrons with corresponding quantum numbers. Hence, the recently observed peak in the I = 0, S = 3 B=2 channel [1] [2] [3] [4] [5] [6] should be a molecular configuration composed of two ∆ dibaryons. 
. Also, we can apply this process to any (ijk) (i<j<k=1∼6), and finally obtain the Eq. (52) ;
Now, we can construct the matrix representation of the three-body color operators in terms of the standard Young-Yamanouchi bases corresponding to the color singlet bases of dibaryon. As mentioned earlier, the standard Young-Yamanouchi bases which is orthonormal to each other are written by, 
We can prove that 
